Kit foxes (Vulpes macrotis) are nocturnal, monogamous, and territorial. We used telemetry to monitor nocturnal interactions of pair members with each other and neighboring foxes in central California during 1989California during -1991 Observed distances between mated foxes consistently were closer than expected by chance. This positive association probably resulted from a tendency for foxes to move around common den or foraging sites; mates did not exhibit concordant movement patterns. Nocturnal encounters probably are not necessary to maintain pair bonds because mates regularly share dens during the day throughout the year. Encounters may be more important during pair formation because members of recently formed pairs encountered each other more frequently (Ͼ16% of locations) than did established pairs (Ͻ13% of locations). Observed distances between neighboring foxes were not consistently closer or further apart than expected by chance, and encounters were rare (Ͻ2% of locations). Hence, direct interactions between neighboring foxes may be relatively unimportant for maintaining established territories. However, 2 male mated kit foxes trespassed into neighboring territories during the breeding season, probably in search of extrapair copulations.
Kit foxes (Vulpes macrotis) form mated pairs that remain together until 1 member dies (Spencer et al. 1992; White and Ralls 1993) . Maintenance of pair bonds requires communication among mates, much of which may occur during the day because mates often share the same den (Koopman et al. 1998; White and Ralls 1993) . Direct or indirect nocturnal communication (e.g., vocalization or scent marking) also might contribute to maintenance of pair bonds or enable more rapid transfer of information such as the location of food or predators; however, little is known about nocturnal interactions between mates.
Likewise, almost nothing is known about nocturnal interactions between mated kit * Correspondent: patrickwhite@fws.gov foxes and their neighbors in adjacent ranges. Kit foxes appear to be territorial because the diurnal denning ranges and nocturnal core ranges of social groups (mated pairs with or without resident offspring) overlap only slightly with those of neighboring groups (Spiegel 1996; White and Ralls 1993) . One might expect the avoidance of intergroup encounters in territorial systems because encounters could be costly owing to energy expenditures, injuries, or even death (Maynard Smith 1974; Maynard Smith and Parker 1976; Parker 1974) . However, O'Neal et al. (1987:475) suggested that kit foxes have an ''expanded social structure'' in which foxes regularly interact with foxes from neighboring social groups. If so, movement patterns of foxes from 1 social group might be influenced by those of a neighboring group.
The extent to which movements of foxes are related is of interest to those concerned with interpretation of their social systems and those modeling and controlling the spread of diseases such as rabies (Ball 1985; Macdonald et al. 1980) . No data have been published that enable biologists to assess frequencies of encounters between kit foxes. We used telemetry to assess interactions between mated and neighboring San Joaquin kit foxes (V. m. mutica). Our objectives were to estimate frequencies of encounters between active foxes and to determine whether mated foxes exhibited concordant activity patterns or generally moved independently of one another.
MATERIALS AND METHODS
The study was conducted on 210 km 2 of the Carrizo Plain, California, previously described by White and Ralls (1993) and Ralls and White (1995) . From December 1988 through November 1991, we captured kit foxes in box traps and fitted them with radiocollars (Advanced Telemetry Systems, Isanti, Minnesota). A animal welfare protocol approved by the United States Fish and Wildlife Service (permit RALLK-4) was followed throughout the study. We attempted to capture all members of each fox social group within the study area. Foxes were considered to belong to a specific group if they frequently and concurrently shared the same dens.
Nocturnal locations for foxes were obtained from June to September 1989 and May 1990 to November 1991 using a vehicle-mounted, nullpeak system with 4-element Yagi antennas. Each radio location was obtained by an observer driving quickly from 1 reference point to another until 2 or 3 intersecting compass bearings were obtained. The radiotracker 1st located each fox in a given social group and then located foxes in neighboring groups. Each animal was located at Ն1-h intervals, and only 1-6 locations were obtained per animal per night.
Significance tests for positive association (i.e., animals closer together than expected by chance) are valid only for animals with fixed home ranges (Doncaster 1990 ). We estimated whether kit foxes tended to use the same areas for an extended period of time by calculating the mean location of each fox from all nocturnal locations obtained during each calendar year. The distance between the mean location of a fox in consecutive years was used as a measure of site fidelity.
To determine whether there was a relationship between the separations of 2 foxes in time and space, we obtained a distribution of separation distances for each fox-fox combination (e.g., mated pair, neighboring foxes) that had overlapping home ranges. This distribution was determined by calculating distances between the nocturnal locations of the 2 foxes that were obtained within a 30-min period. We used chi-square tests to compare the observed distribution of separations with a distribution of separations given by all possible combinations of fixes on the 2 foxes (i.e., expected distribution).
Dependency in the movements of 2 individuals, within the known limits of their home ranges, also can be expressed in terms of probability (Doncaster 1990 ). For each fox-fox combination, we categorized observed and expected separation distances, respectively, into 50-m intervals. We then obtained the cumulative probabilities of observed and expected separations, respectively, from the fraction of paired separations that fell within regular distance increments. We plotted cumulative probability curves and used these curves to assess whether the animals were more or less likely to maintain a certain separation than expected based on the configuration and utilization of their ranges. A detailed explanation of these analyses was provided by Doncaster (1990) .
We estimated frequency of possible encounters between each fox-fox combination by classifying number of separations that were Ͻ100 m apart. That distance approximated the minimum resolution of the telemetry data (White and Ralls 1993) and was less than the maximum distance within which foxes may have detected each other visually or vocally or by scent. We used ttests to compare frequencies of intra-and intergroup encounters.
To determine if mated foxes exhibited concordant movement patterns, we intensively monitored movements of 4 male-female pairs during August-November 1991. Each pair was monitored for 4-6 h on 5-9 nights. We obtained nearly simultaneous locations every 15 min and plotted movements of each fox. Separation distances FIG. 1.-Two examples of positive association between paired foxes during nightly activities at the Carrizo Plain, California, 1991, expressed in terms of the cumulative probability of separation distances. Attraction between paired males and females at up to 900-1,000 m is illustrated by the excess of observed separations (ⅷ) relative to the proportion expected under the null hypothesis of no interactions (--). Observed separations were calculated from fixes on each animal that were taken at 15-min intervals. Expected separations were calculated from all possible combinations of fixes on the 2 foxes. and possible encounters were estimated as described above. We also radiotracked those foxes to their diurnal resting sites on Ն3 days/week to estimate how often mates shared the same dens.
RESULTS
Thirty-eight kit foxes from 10 social groups were radiocollared during the study. Fourteen foxes were located daily for Յ6 months, 6 foxes were located for 7-12 months, 13 foxes were located for 13-24 months, and 5 foxes were located for Ն24 months. We conducted 203 nocturnal radiotracking bouts and obtained 3,106 locations of foxes. Distances between means of nocturnal locations for radiocollared kit foxes during consecutive years averaged 603 m Ϯ 311 SD and did not differ between sexes (5 females, 6 males; t ϭ 1.4, d.f. ϭ 9, P ϭ 0.2).
Distributions of separation distances obtained within a 30-min period indicated that the mated foxes in all 10 pairs were closer together than expected by chance ( 2 Ͼ 16, d.f. ϭ 7, P Ͻ 0.03). Distributions of nearly simultaneous separation distances obtained every 15 min from 4 mated pairs also indicated that mates were closer together than expected by chance ( 2 Ͼ 15, d.f. ϭ 7, P Ͻ 0.02). Cumulative probability of observed separations deviated from the null hypothesis line at separations up to about 900 m, indicating a positive association up to this distance apart (Fig. 1) . However, visual inspection of the data indicated that mated foxes generally tended to move independently of one another.
No clear trend was evident in the distribution of separation distances for 16 combinations of neighboring foxes. Three male-male combinations were closer together than expected by chance, 1 combination was farther apart, and 3 combinations were neither farther apart nor closer together. One female-female combination was closer together than expected by chance, 1 combination was farther apart, and 1 combination was neither farther apart nor closer together. One male-female combination was closer together than expected by chance, 2 combinations were farther apart, and 3 combinations were neither farther apart nor closer together.
Intragroup encounters (9.5% Ϯ 10.6% of locations; range ϭ 0-33.8%) were more common than intergroup encounters (0.2% Ϯ 0.5%; range ϭ 0-1.3%; t ϭ 3.3, d.f. ϭ 20, P Ͻ 0.003). There were no differences between males and females in the frequencies of intra-or intergroup encounters (t Ͻ 1.0, d.f. ϭ 14, P Ͼ 0.38; formed pairs tended to have higher encounter rates than did pairs that had been mated for Ն1 year (Table 2) . During August-November 1991, mates were located in the same den on 69.3% Ϯ 20% of the daily location records (range ϭ 39-71 locations/pair). One recently formed pair (July 1991) shared the same den on 97% of the daily location records, whereas a pair formed in May 1991 shared dens on only 51% of the daily location records. Two pairs established in May 1990 shared dens on 64% and 65% of their daily location records, respectively.
During monitoring, 2 male mated kit foxes trespassed into neighboring territories. One male was located in 1-3 neighboring territories on 4 nights during 1-6 October 1991. Another male was located in 1 or 2 neighboring territories on 3 nights during 11-24 January 1991. Each of the territories visited by those males was occupied by social groups containing 1 male and Ն1 female.
DISCUSSION
Separation distances between mated foxes consistently were closer than expected by chance. Mates did not always maintain close proximity during their nocturnal activities, however, and these positive associations extended well beyond the distance at which foxes normally can perceive each other (Ͻ50 -100 m- Macdonald et al. 1980 ). Positive association beyond the limit of mutual awareness can result from a coordinated timing of movements in foxes, which may or may not be intentional (Doncaster 1990) . Also, positive association can arise when foxes have common or closely located resting sites at which they regularly begin and end their cycles of activity. Dur-JOURNAL OF MAMMALOGY ing our study, mated foxes often shared the same dens as diurnal resting places, and therefore they were inclined to be active near and return to the same den. Hence, the positive association observed may have been partially due to a centralizing tendency of movements around common den or foraging sites.
Mated kit foxes typically did not exhibit concordant movement patterns, and nocturnal encounters were relatively infrequent. Because mates regularly share dens during the day throughout the year, it is unlikely that nocturnal encounters are necessary to maintain pair bonds. Rather, these encounters may serve to transfer information about location of food resources or predators. Lack of synchrony in movements by mates may be in part due to a solitary hunting strategy, which is favored by species such as the kit fox, which typically capture a single small prey item per hunt and have high individual foraging efficiency (Packer and Ruttan 1988) . Social contact during nocturnal activities also would be disadvantageous if it hindered vigilance or attracted predators such as bobcats (Lynx rufus) and coyotes (Canis latrans), which are the main cause of death in many populations of kit foxes (Cypher and Scrivner 1992; Disney and Spiegel 1992; Ralls and White 1995; Standley et al. 1992) .
Nocturnal encounters may be more important during pair formation because members of recently formed pairs encountered each other more frequently than established pairs. Also, members of a pair that was formed about 2 weeks prior to our intensive telemetry study shared dens almost every day, whereas pairs formed 2-14 months prior to our intensive study shared dens less frequently. Sexual and affiliative behaviors in monogamous species tend to be more frequent during pair formation than they are between established pairs (Kleiman 1981; Kranz 1991) . Hence, pair bonds between kit foxes may be established relatively quickly, after which mates interact less frequently.
The paucity of encounters between neighboring kit foxes implies that direct interactions between neighboring foxes may be relatively unimportant for maintaining established territories. Several authors previously have noted the rarity of intergroup encounters among social canids (Mech 1977; White and Harris 1994; Zimen 1976) , presumably because of the high risks involved. Alternative methods for maintaining spacing among social groups, such as scent marking, also may reduce the necessity for direct interactions. For a limited time during October 1990 and January 1991, however, 2 male mated foxes trespassed into neighboring territories. Such trespassing behavior, also reported by Voigt and Macdonald (1984) and White and Harris (1994) for red foxes (V. vulpes), may have been a search for extrapair copulations. Kit foxes are susceptible to rabies ). An outbreak of this disease, detected among striped skunks (Mephitis mephitis), may have contributed to a 5-fold decrease in the relative abundance of kit foxes at Camp Roberts Army National Guard Training Site, California, during 1988 California, during -1991 . The most common mode of transmission of the rabies virus among foxes is the injection of infected saliva via a bite wound (Macdonald and Voigt 1985) . Hence, the contact rate of the disease should approach the frequency of social encounters (or a constant factor of it) if rabid foxes have movement patterns and encounter rates similar to those of healthy foxes (as most biologists currently believe -Ball 1985) . Our data suggest that rabies virus would quickly spread through members of an infected social group owing to frequent den sharing and comparatively high encounter rates. Although intergroup encounter rates are quite low, they probably are sufficient to spread the virus to neighboring foxes, especially considering the trespassing behavior of male foxes during the breeding season and the dispersal of juvenile foxes during autumn.
